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Appendix H
Application: Upper Saginaw River, MI Navigation Project--Second-Order GPS
Photo Mapping Control Surveys (Detroit District)

The purpose of this 1993 project was to establish Second-Order control, using static GPS survey methods,
for the navigation project on the Upper Saginaw River (Michigan) leading into Saginaw Bay in Lake Huron.
The survey area started at Green Point and went to the railroad bridge at the upper end of the project area.
Control stations established during this survey were designed to support digital mapping of the Upper
Saginaw River.  A total of 8 stations in the project area were occupied, and 6 new stations were established.
External NGRS control was brought in from two First-Order NGS horizontal control stations--JONAS and
PARRISH.  The Saginaw Area Office, Detroit District, performed all the observations and adjustments.
This appendix illustrates the observation, reduction, and adjustment phases of this project.

H-1.  Planning Phase

a.  The GPS survey was planned for 24-25 March 1993, Julian Day 083 and 084 in the vicinity of
Saginaw, Michigan.

b.  Four Ashtech Dual Frequency (L1/L2) GPS receivers and antennas with ground planes were
used for this project, simultaneously occupying 4 stations during each session--observing 6 baselines, 3 of
which are independent.

c.  Prior to any data collection, a preplanning survey was conducted to determine any obstructions
(see typical example in Figure H-1) and examine existing control.  Control station JONAS and PARRISH
had some sinking problems due to thawing ground.  Station JONAS was readjusted during the survey but
station PARRISH was not.

d.  A satellite visibility chart was run to determine occupation times for each session on both Day
083 and Day 084.  The chart included the number of satellites and PDOP for the project area.  The charts
were run with an elevation mask of 20 deg (Figure H-2) and 25 deg (see Figure H-3).

e.  There were three survey sessions held on Day 083 and one on Day 084.  Below are listed
sessions, occupation times and stations occupied for Day 083 and Day 084.

Day 083 Day 084

Session A Session B Session C Session  A
0900-1000 1030-1130 1340-1540 1335-1535

HOYT WICKES WICKES HOYT
GENESSEE RUST RUST GENESSEE
HOLLAND HOLLAND JONAS JONAS
EWALD EWALD PARRISH PARRISH

H-2.  Actual Survey

The survey was performed as planned, with three sessions on Day 083 and one session on Day 084.  An
Observation Log for each station was recorded by the observer.  This information was used during post-
processing.
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H-3.  Data Processing and Adjustment

a.  The GPS baselines were processed using Ashtech baseline reduction software LINECOMP
(GPPS-L, Version 4.5).  All four sessions were processed.  A typical output file from this program is shown
in figure H-4 (a-e).  From these results, session 083 A & B and 084 seemed to be satisfactory.  Session 083
C tagged all the float solutions except for the vector between 4008 and 4009.  The plots for these vectors,
between 4008 and 4009, appeared to have been effected by the ionosphere.

b.  After baseline processing was completed, a loop closure was performed--see typical output in
Figure H-5--and one was performed to show closures between the unknown control stations.

c.  Once the loop closures were completed, a FILLNET (Version 3.0) free adjustment and
constrained adjustment was performed on all processed baselines for Julian days 083 and 084.  Data shown
in Figure H-6 is typical of the input file used for the free adjustment.  The constrained adjustment held fixed
station PARRISH (in X-Y-Z) and station JONAS (in X-Y).  The results of the constrained adjustment are
shown in Figure H-7 (a-f).

d.  After the final adjustment of the data, CORPSCON was used to convert the station latitude,
longitude to NAD 1983 SPCS coordinates.  A sample output is shown in Figure H-8.

H-4.  Station Descriptions

Station descriptions with adjusted coordinates for each control station set were formulated.  A sample
description is shown in Figure H-9.



EM 1110-1-1003
1 Jul 03

H-3

Figure H-1.  Preplanning survey diagram for station HOYT (Upper Saginaw River Project)
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Figure H-2.  Satellite visibility diagram for elevation mask of 20 degrees
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Figure H-3.  Satellite visibility diagram for elevation mask of 25 degrees
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Figure H-4a.  Ashtech LINECOMP baseline reduction output file (Baseline 1001-4004)
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Figure H-4b.  Ashtech LINECOMP baseline reduction output file (Baseline 1001-4004)
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Figure H-4c.  Ashtech LINECOMP baseline reduction output file (Baseline 1001-4004)
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Figure H-4d.  Ashtech LINECOMP baseline reduction output file (Baseline 1001-4004)
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Figure H-4e.  Ashtech LINECOMP baseline reduction output file (Baseline 1001-4004)
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Figure H-5.  Sample loop closure (Upper Saginaw River Project)
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Figure H-6.  Partial sample of input file for FILLNET Free Adjustment
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Figure H-7a.  Results of Constrained Adjustment (Upper Saginaw River Project)
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Figure H-7b.  Results of Constrained Adjustment (Upper Saginaw River Project)



EM 1110-1-1003
1 Jul 03

H-15

Figure H-7c.  Results of Constrained Adjustment (Upper Saginaw River Project)
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Figure H-7d.  Results of Constrained Adjustment (Upper Saginaw River Project)
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Figure H-7e.  Results of Constrained Adjustment (Upper Saginaw River Project)
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Figure H-7f.  Results of Constrained Adjustment (Upper Saginaw River Project)
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Figure H-8.  CORPSCON file of translated coordinates to NAD 83
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Figure H-9.  Final station description of point RUST (typical)


